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Preservation  of  Metal-Carbon  Bonds  During  Direct  FluOrination,  a Practical 
Synthetic  Method.  The  Synthesis  of  Tetrakis(trifluoromethyl )germanium. 

by 

* 

E.  Liu  and  R.  0.  Lagow 

Summary:  The  metal -carbon  bonds  in  tetramethyl germanium  have  been 

preserved  during  direct  fluorination.  Tetrakis(trifluoromethyl )gennanium 
lias  been  produced  from  the  controlled  reaction  of  elemental  fluorine  with 
tetramethyl german i urn. 

Recently  we  have  reported  the  first  cases  of  preservation  of 

1 

■ercury-carbon  and  silicon-carbon  bonds  during  direct  fluorination.  This 
synthetic  method  as  applied  to  metal  alkyls  was  regarded  even  in  our 
laboratory  as  only  a chemical  curiosity.  Recent  results  have  shown  that 
in  some  cases  direct  fluorination  may  be  not  only  a practical  synthetic 
method  but  one  of  choice  for  the  preparation  of  perfluoroalkyl  organo- 
metallics. 

By  controlling  the  fluorine  concentration  and  temperature,  we  are 

able  to  obtain  tetrakis(trifluoromethyl )germanium,  Ge(Cp3)u,  in  63. 5X 

yield  from  the  reaction  of  tetramethyl germanium  and  fluorine.  The  experi 

2 

mental  apparatus  used  has  been  discussed  previously.  The  physical  and 
spectral  properties  of  Ge(CP3)4  are  identical  with  those  of  the  same 


compound  first  prepared  in  1975  in  our  laboratory  using  plasma  techniques. 


best  fluorination 

conditions  are 

the  following: 
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II 
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-40 

12 

II 

II 

-30 
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H 

II 

-20 

14 

6e(CH3)4+ 

Fj/He  ^ 

Ge(CF3)4+  HF 

0.87  gm 

1.45  gm  (63.5%  yield) 

The  reaction  is  remarkably  temperature  dependent  due  to  the  extremely 
low  reactivity  of  the  partially  fluorinated  tetramethyl germanium  compounds. 
If  the  reaction  is  run  with  a fluorine  flow  of  1 cc/minute  to  a helium  flow 
of  60  cc/minute  at  -lOO^C  for  150  hours,  the  yield  of  Ge(Cp3)4  is  only 
I.IX.  However  if  the  reaction  is  run  with  a fluorine  flow  of  1 cc/minute 
to  a helium  flow  of  60  cc/minute  at  -100°C  for  2 days  and  the  temperature 
Increased  10°  per  day  to  -60°,  the  yield  of  6e(CF3)4  increases  to  6i. 


When  the  yield  of  Ge(CF3)4  is  low,  one  obtains  a number  of  partially 
fluorinated  tetramethyl germanium  compounds.  Most  of  the  compounds  contain 


The  appropriate  fluorine-fluorine  coupling  pattern  present  with  n fluorine  giving  n+1  coupled  pattern. 


Q.  n 


C7-  0« 


Table  1 


the  appropriate  Integration  are  sufficient  for  Identification  of  the 
compounds.  For  example,  the  compound  Ge(CF3)2(CF2H)2  gives  the  following 
NMR;  H;  CF2H  group;  triplet,  = 45.5;  F:  CF3  group,  pentet, 

Jpp  ■ 3.2  resulting  from  coupling  of  two  CF2H  groups,  and  CF2H  group, 
doublet,  J^p  ■ 46.0,  with  each  doublet  being  a septet,  Jpp  ° 3.1  resulting 
from  fluorine  coupling  of  two  CF3groups.  The  compounds  were  separated 
on  10%  SE-30  on  a chromsorb  P columns. 


ACKNOWLEDGEMENT 

We  are  grateful  for  support  from  the  Office  of  Naval  Research 


for  this  work  (N00014-75-C-0994). 


t 


References 


1.  E.  Liu  and  R.  J.  Lagow,  J.  Amer.  Chem. 
98,  8270  (1976). 

2.  N.  J.  Maraschin,  B.  D.  Catsikis,  L.  H. 

G.  Jarvinen  and  R.  J.  Lagow,  J.  Amer. 
Soc.  , 51  3 (1  975). 

3.  R.  J.  Lagow,  L.  Gerchman,  R.  Jacob  and 
J.  Amer.  Chem.  Soc.,  97^,  518  (1  975). 


Soc . , 

Davis , 

Chem. 

J.  Morrison, 


V 

( 


